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Introduction
RAN#94e approved a revised WID on NR Support for UAV (NR_UAV) [1] with the following objective related to RAN WG#1: 
	4.1	Objective of SI or Core part WI or Testing part WI
4. Study UE capability signaling to indicate UAV beamforming capabilities and, if necessary, RRC signaling [RAN1, RAN2]: 
· FR1 with directional antenna at UE side



[bookmark: _Hlk114053751]In this contribution we present our first views on the potential solutions to be adopted in 3GPP RAN (WG#1-WG2) to support AV UEs with directive antenna setups operating in the FR1 frequency bands.
[bookmark: _Hlk510705081]Discussion
This objective was motivated by the outcome of the LTE Release 15 AV studies and work item [2][3] as well as research results published on the benefits of and radio performances when using AV UE equipped with beams or directive antenna setups [4][5]. For example, in [4] (Chapter 4.4 or Chapter 5.4) the investigations showed that simple directive antenna setups with 4 or 6 beams on the AV UE can be beneficial for both uplink interference mitigation and downlink interference cancellation, especially in scenarios where the AV flight path is at 50m to 120m altitude. 
Benefits of support for directional UAV UEs are demonstrated in the following use case in which network load can be better balanced by handing over UAV UEs in heavily loaded cells to less loaded cells which may offer a lower, although still usable link quality on account of unique channel conditions observed by UAV UEs. This scenario is depicted in Figure 1, where we assume that one or more UAVs are generating high uplink traffic (e.g. video streaming) in the vicinity of a high traffic ‘hot-spot’ cell serving terrestrial users. Using directional antenna at the UAV(s) allows to steer their connection(s) towards cells located farther away from the hot-spot cells, hence mitigate the service degradation of the terrestrial users.
Figure 2 left side illustrates a simulated deployment scenario (cf. Figure 1) of 3-sector cells, in which the hot spot cell #1 experiences heavy traffic load due to, e.g., a public event. One UAV is assumed to be deployed within the circle, i.e. in the area of the cells #1-#7. In this deployment, the UAV with omni-directional antenna would typically be served by the inner cell #1-#7. When using directional antenna (in these simulation ideal orientation of a 60o beamwidth antenna), the UAV may preferably be handed over to any of the outer ring cells to balance the momentary heavy load and/or minimize interference towards cell #1. The evaluation results show significant potential in improving the service of the terrestrial users in the hot spot cell #1, when directional antenna is used at the UAV, see example in Figure 2 right side.
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[bookmark: _Ref115256112][bookmark: _Hlk115256168]Figure 1: Example use case scenario where two UAVs are generating high uplink traffic (e.g. video streaming) in the vicinity of a high traffic ‘hot-spot’ cells serving terrestrial users. Using directional antenna at the UAVs allows to steer their connections towards cells located farther away from the hot-spot cells, hence mitigate the service degradation of the terrestrial users.
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[bookmark: _Ref115227809]Figure 2: Left: Simulated network deployment for evaluating the interference impact on one hot spot cell, c.f. the scenario in Figure 1. Right: Example evaluation result of the simulated scenario, in terms of cell #1 terrestrial user throughput distribution [7].
Furthermore, in [5] the uplink interference mitigation and spatial filtering have been investigated experimentally and in simulations, with results showing clear benefits in terms of uplink AV UE throughput and overall system capacity (number of AV UEs supported).
In the above referenced studies it was also highlighted that the interference issues that may be generated by AV UEs have to be considered in order not to disrupt the operation of a network designed for terrestrial UEs. For this target, using directive antenna setups can also be beneficial, see Figure 3 for examples used in [4]. We note that the use of directive antenna elements is not restricted to the AV type (single/multi-rotor, fixed-wing, or hybrid).
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[bookmark: _Ref115267842]Figure 3: Example of UAV UE antenna radiation patterns investigated in the literature [4]. The AV is assumed to be a hexacopter and is depicted as a blue hexagon. The directive antenna elements are indicated with gray triangles.  

When addressing potential 3GPP requirements for capability signaling of AV UEs equipped with beams or directive antenna setups, we can start by looking at slightly similar existing specifications, for example the requirements in TS38.106 for “NR; Repeater Radio Transmission and Reception” [6], TS38.141-2 for “NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing”, or TS38.176-2 for “NR; Integrated Access and Backhaul (IAB) conformance testing; Part 2: Radiated conformance testing” specifications.
There are, however, major differences between the conformance testing for BS/Repeater/IAB (network infrastructure) and the beamforming capabiltity requirements for AV UEs, as in the current NR WID, which need to be considered: 
i) The AV UE have to comply with NR UE transmission reception performance requirements [TS38.101-4] and the OTA antenna performance and conformance testing requirements,
ii) The potential new requirements for AV UE capabiltities with directive antenna setups should be independent of the type of AV (single/multi-rotorary blade, fixed-wing, hybrid) but might depend on the physical size of the AV fuselage/body
iii) The AV UE with directive antenna setups are assumed to operate in the FR1 frequency bands, while the OTA/radiated characteristic requirements are typically specified for FR2,
iv) The requirements on the radiated characteristics in terms of frequency stability, out-of-band gain, unwanted emissions, EVM, etc. are not necessary to be addressed for AV UEs at this stage of the investigation in RAN1,
v) The current specifications for BS/Repeater/IAB apply for network elements which are typically static, while the AV UE are highly mobile devices

Observation 1:	As baseline, the NR AV UE is expected to comply with NR UE transmission reception performance requirements [TS38.101-4] and the OTA antenna performance and conformance testing requirements [TS 34.114].
Next, we recap briefly the, potentially, relevant specifications using as starting point the Repeater type 2-O. We use this only as examples to derive a first proposal for capability signaling applicable to AV UEs with directive antenna setups operating in the FR1 frequency bands, keeping in mind the differences highlighted above, which need to be addressed during the study.

OTA requirements for Repeater type 2-O - Radiated characteristics
From TS 38.106 [6] we note the relevant definitions:
	Beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array.
Beam centre direction: direction equal to the geometric centre of the half-power contour of the beam.
[bookmark: _Hlk114650941]Beam direction pair: data set consisting of the beam centre direction and the related beam peak direction.
Beam peak direction: direction where the maximum EIRP is found.
Beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse.
OTA coverage range: a common range of directions within which OTA requirements that are neither specified in the OTA peak directions sets nor as TRP requirement are intended to be met.
[bookmark: _Hlk114650604]OTA peak directions set: set(s) of beam peak directions within which certain OTA requirements are intended to be met, where all OTA peak directions set(s) are subsets of the OTA coverage range.
Reference beam direction pair: Beam direction pair in the reference direction declared by the manufacturer.



Furthermore, from TS 38.106 Section 7.2 [6] we note the following beam related requirements:
	Repeater type 2-O are declared to support one or more beams, as per manufacturer's declarations specified in TS 38.115-2 [8]. Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.
For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, OTA peak directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).
For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the repeater is declared to radiate at the associated beam peak direction.
For each beam peak direction associated with a beam direction pair within the OTA peak directions set, a specific rated beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below. Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed in TS 38.115-2.
NOTE 1:	OTA peak directions set is set of beam peak directions for which the EIRP accuracy requirement is intended to be met. The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.
NOTE 2:	A beam direction pair is data set consisting of the beam centre direction and the related beam peak direction.
NOTE 3:	A declared EIRP value is a value provided by the manufacturer for verification according to the conformance specification declaration requirements, whereas a claimed EIRP value is provided by the manufacturer to the equipment user for normal operation of the equipment and is not subject to formal conformance testing.
[…]



With clear analogy to Repeater type 2-O, we can assume that an AV UE device could also need to be declared to support one or more beams, as per manufacturer's declarations, similar to requirements for network infrastructure equipment.
In the TS 38.106 Section 7.2 [6] there are further specifications and minimum requirements regarding the rated beam TRP output power limits, which might not be applicable to NR AV UE. 
Observation 2: The NR release 17 specifications for the radiated characteristics of Repeater type 2-O can be a good starting point (template) when studying the requirements for capability signaling of AV UEs with directive antenna setups operating in the FR1 frequency bands.

Radiated characteristics for AV UE with directive antenna
For the purpose of UE capability signaling for UAV beamforming in FR1, we use the Repeater type 2-O requirements from TS 38.106 [6], and identified and propose to adopt or modify them as follows:
i) The definitions for Beam, Beam center direction, Beam direction pair, Beam peak direction, Beamwidth and Reference beam direction pair are applicable to AV UE beamforming and directive antenna elements operating in FR1 frequency bands
ii) The definitions for OTA coverage range and OTA peak directions set might need to be further adapted and their applicability for the AV UE to be checked (FFS)
iii) There is need to define several reference beam directions (see for example Figure 3) i.e., information for several beam direction pairs (beam centre direction and the related beam peak direction) need to be included in the UAV UE capability signalling, each with an unique beam identity 
iv) The beam center direction can be assumed to be the same as the beam peak direction
v) The beamwidth for each beam direction pair can be specified as an index in a pre-defined set of generic beamwidths, e.g. bw30deg, bw60deg, bw90deg (FFS)
vi) For each beam direction pair a new beamgain parameter might be needed (e.g. index in pre-defined set of generic beamgains) (FFS) 

Observation 3: The definitions for Beam, Beam center direction, Beam direction pair, Beam peak direction, Beamwidth and Reference beam direction pair are applicable to AV UE beamforming and directive antenna elements operating in FR1 frequency bands.
Observation 4: The beam center direction can be assumed to be the same as the beam peak direction.

Proposal 1:	Study the applicability and need to adapt the definitions for OTA coverage range and OTA peak directions set for the AV UE to be checked (FFS).
Proposal 2:	Define several AV UE reference beam directions (see for example Figure 1) i.e., information for several beam direction pairs (beam centre direction and the related beam peak direction) need to be included in the AV UE capability signalling, each with an unique beam identity.
Proposal 3: 	Specify the beamwidth for each beam direction pair as an index in a pre-defined set of generic beamwidths values (FFS).
Proposal 4: 	Specify for each beam direction pair a beamgain parameter as an index in a pre-defined set of beamgains values (FFS)

We note that the radiated characteristics discussed above are to be provided by the manufacturer of the AV UE. Hence, some of these parameters could be static (declared) and/or part of capabilities signalling, to allow the network to gain knowledge on the antenna beam configuration used at the AV UE. More seme-static changes, during the UAV flight, in the beam directions and/or beams gains would need to be signalled via RRC signalling.

Proposal 5:	Study how to provide AV UE antenna radiated characteristics to the serving network, including both manufacturer declared parameter values, initial capability signaling and signalling during connected mode.

Conclusion
In this contribution, we discussed the possible UE capability signaling for UAV beamforming in FR1. The following observations have been made:
Observation 1:	As baseline, the NR AV UE is expected to comply with NR UE transmission reception performance requirements [TS38.101-4] and the OTA antenna performance and conformance testing requirements [TS 34.114].
Observation 2: The NR release 17 specifications for the radiated characteristics of Repeater type 2-O can be a good starting point (template) when studying the requirements for capability signaling of AV UEs with directive antenna setups operating in the FR1 frequency bands.
Observation 3: The definitions for Beam, Beam center direction, Beam direction pair, Beam peak direction, Beamwidth and Reference beam direction pair are applicable to AV UE beamforming and directive antenna elements operating in FR1 frequency bands.
Observation 4: The beam center direction can be assumed to be the same as the beam peak direction.

The following proposals have been made:
Proposal 1:	Study the applicability and need to adapt the definitions for OTA coverage range and OTA peak directions set for the AV UE to be checked (FFS).
Proposal 2:	Define several AV UE reference beam directions (see for example Figure 1) i.e., information for several beam direction pairs (beam centre direction and the related beam peak direction) need to be included in the AV UE capability signalling, each with an unique beam identity.
Proposal 3: 	Specify the beamwidth for each beam direction pair as an index in a pre-defined set of generic beamwidths values (FFS).
Proposal 4: 	Specify for each beam direction pair a beamgain parameter as an index in a pre-defined set of beamgains values (FFS)
Proposal 5:	Study how to provide AV UE antenna radiated characteristics to the serving network, including both manufacturer declared parameter values, initial capability signaling and signalling during connected mode.
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